Josephson junctions with three or more superconducting leads have been predicted to exhibit topological effects in the presence of few conducting modes within the interstitial normal material. Such topological behavior manifests itself as signatures in the transport properties between different terminals, with topological phase transitions occurring as a function of phase and voltage bias. Here we study the superconducting properties of a top-gated three-terminal Josephson device, based on an InAs heterostructure two-dimensional electron gas (2DEG) proximitized with epitaxial aluminum. The top gate is used to control the 2DEG carrier density, and differential resistances are analyzed under various bias currents and magnetic fields. We find that the character of the features in a 2D resistance map of the device substantially change under different gate and magnetic field conditions. A computational model of a network of three resistively and capacitively shunted junctions (RCSJ) suggests that depletion of the interstitial 2DEG drives the system further toward this non-interacting network regime. A perpendicular magnetic field has the opposite effect of increasing interactions between supercurrents in each branch.
I. INTRODUCTION
Superconductor-semiconductor-superconductor (SSm-S) junctions based on 1D and 2D semiconductors have recently attracted increasing attention, motivated by the possibility to realize novel phenomena enabled by the gate-control of induced superconductivity and by the interplay between superconductivity, spin-orbit coupling or topological boundary states [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . In particular, twodimensional electron gases (2DEGs) in semiconductor heterostructures have emerged as a promising platform for realizing gate-tunable S-Sm-S devices that can host topological states. High transparency Josephson junctions [5] , coherent ballistic transport [14] , and signatures of topological superconductivity [7, 11, 15] have been demonstrated.
Topological states are of particular interest in the development of a platform for topological quantum computing [16] [17] [18] [19] , where the Majorana modes are present and can be braided to perform quantum gate operations [20] . The topological nature of these states may protect them from conventional forms of quantum decoherence, a major hindrance to the advancement of robust and scalable quantum computation.
A conventional Josephson junction is described by a simple Josephson relation between the phase or voltage difference between the two superconducting terminals [21] . By increasing the number of terminals, one can access a higher dimensional phase space spanned by the relative phases or voltages between the several terminals. This can lead to new effects, such as interactions between supercurrents [22, 23] , coexistence of dissipative currents and supercurrents [24] , multi-loop superconducting interferometry [25] , or generalizations of * vpribiag@umn.edu multiple Andreev reflection [26] . Several recent theoretical studies have proposed the existence of topological states in the Andreev bound state spectrum of multiterminal Josephson junctions owing to the presence of zero-energy Weyl singularities [27] [28] [29] [30] . These proposals consider multiple superconducting leads coupled to each other through a central normal region which can be described by a single scattering matrix,Ŝ, within which all pair-wise currents flow through a small number of modes. The topological phase transitions in the Andreev levels manifest quantized conductances and transconductances which change as a function of the terminal phases and/or voltages. In practice, the fabrication of S-2DEG-S junctions has focused primarily on devices with large aspect ratios ( L W > 1) [5, 8, 9] . In the context of multiterminal devices consisting of conventional JJ arms, this implies that the pair-wise currents will primarily be flowing through separate regions of least geometric distance, compromising the single scattering region and few modes approximation. It is thus important to understand what transport features in such three-terminal devices are due to macroscopic network-like behavior rather than superconducting coupling through a single coherent region.
II. GATED THREE-TERMINAL JOSEPHSON JUNCTION
A gated three-terminal Josephson device was fabricated from an InAs quantum well heterostructure with a 10-nm epitaxial aluminum superconducting layer ( Fig.  1(a) ). The heterostructure was grown using molecular beam epitaxy on an InP (001) DC current-biased measurements were performed across each pair of superconducting terminals to characterize critical currents and gate dependence. We label the current applied between terminals 1 and 0 as I 1 , the current applied between 2 and 0 as I 2 , and the current between 1 and 2 as I 12 . These measurements were performed in a dilution refrigerator with a base temperature of T ∼ 14 mK. We find the critical currents are comparable pair-wise, with I c,1 = 590 nA, I c,2 = 560 nA and I c,12 = 770 nA. By decreasing the topgate voltage, we are able to deplete the interstitial 2DEG into pinch-off, defined by when there is no measurable critical current ( Fig. 1(b) ). The junctions exhibit hysteresis, with a Stewart-McCumber parameter β c ∼ 4 ( Fig. 1(c) ).
III. MEASUREMENTS
Three-terminal measurements were performed by independent DC current-bias applied to terminals 1 (I 1 ) and 2 (I 2 ), with terminal 0 acting as the ground. We simultaneously measure the voltage of terminals 1 (V 1 ) and 2 (V 2 ) relative to terminal 0 ( Fig. 1(a) ). For the measurements included in this paper, we step I 2 and sweep I 1 at each stepped value. A three-terminal data point then consists of a tuple (I 1 , I 2 , V 1 , V 2 ). To visualize this data, we can discretely differentiate the voltages with respect to their corresponding current to get the differential resistances dV1 dI1 and dV2 dI2 . We use a small negative gate voltage of V = −1 V, which does not measurably affect the critical current, to stabilize against any gate switching instabilities. In the current dependence of differential resistance, we observe a central superconducting region where all three junctions carry supercurrent, V 1 = V 2 = 0. At this small gate voltage and no magnetic field, this central region takes the shape of a rounded paralellogram (Figs. 2(a)  and (b) ). This parallelogram indicates no significant interaction between the supercurrents. Regions with different superconducting or resistive transport characteristics are labeled by the letters A-E in Figure 2 (a), which are identified by corresponding schematic representations in Figure 2 (c).
Superconductivity persists between pairs of terminals beyond the central superconducting region A, along arms corresponding to the relationships I 2 = −2I 1 and I 1 = −2I 2 . Along the arm I 2 = −2I 1 , we find V 1 = 0 and dV1 dI1 = 0, however V 2 and dV2 dI2 are nonzero. This indicates that there is a finite voltage difference between terminals 1 and 2 and thus no supercurrent flowing between them. Thus this arm corresponds to a region in current space where the junction formed by terminals 1 and 0 is carrying supercurrent, while the other two junctions are resistive and carry dissipative currents.
To understand the factor of two relationship we consider the geometric current path that I 2 takes as it encounters two resistive junctions while the third junction (between terminals 1 and 0) carries supercurrent ( Fig.  2(c) , scenario 'C'). If a positive I 2 is applied while the device is in this state, it will be divided into two equal components, assuming the resistances of the two arms of the tri-junction are identical. The component of I 2 travelling first to terminal 1 before reaching terminal 0 will add to I 1 , and if I 1 < 0, will act to reduce the net current travelling through this arm. Thus when I 2 = −2I 1 , we will have approximately zero net current between terminals 1 and 0. Since the condition of I 1 = 0 is centered on this line, we expect this superconducting arm to have a width of approximately twice I c1 . We do not find this to be the case, and we attribute this to heating effects, which increase at higher combined currents [24] . There is a complementary symmetric arm corresponding to this same scenario, which by extension relates to the line
A distinct dissipative region is centered on the line I 1 = I 2 . This feature corresponds to the case when there is no voltage difference between the current-biased terminals 1 and 2, i.e. V 1 = V 2 . In this regime the junction between terminals 1 and 2 carries supercurrent while the other two junctions are resistive. Applying a Y-∆ transformation, we expect the effective resistance between terminals 1 and 0 in region E to be R E R A = 0.75 of that in region B. This is close to the measured values of 0.80-0.85. The small deviation can be accounted for by the fact that the junction resistances are not precisely equal.
at different gate voltages, and (c), (d) at different perpendicular magnetic fields.
IV. GATE AND MAGNETIC FIELD DEPENDENCE
More negative gate voltages yield decreased critical currents and increase the normal resistance of the junctions. In addition, the size of the central superconducting region shrinks and the width of each arm decreases as the junctions are gated toward pinch-off (Figs. 3(a) and (b) ). At V g = −4 V, the superconducting arm has become resistive, supporting the idea that increased dissipative power leads to suppression (pinching) of the arms. We also observe a trend toward a more well-defined parallelogram shape of the central superconducting region with increasingly negative gate voltage, leading to a nearly perfect parallelogram at V g = −4 V. Simulations later in this paper suggest that this is due to reduced interaction between supercurrents from the different arms. This could be due to preferential depletion of the central region of the junction, however the exact mechanism by which this could occur is not known. In addition, the arms tilt away from the slopes described in the last section, which we attribute to the differential effect of gating on the resistances of each junction.
Applying a small perpendicular magnetic field has a different effect (Figs. 3(c) and (d) ). First, we see no change of the resistances of each region, as expected. Second, the central superconducting region becomes more elliptical in shape with increasing B-field. This is a signature of increasing interaction between supercurrents in the individual junctions, which couple in a non-linear manner. This could be due to spatially-inhomogeneous effective magnetic field across the junction due to differences in flux focusing between the center and edges of the junction as a result of the Y-shaped geometry [32] . This would cause a larger fraction of the supercurrent to flow through the common central area at larger B, allowing more interaction than is seen in the absence of magnetic field.
To gain more insight into the tri-junction behavior, we computed the predictions of its equivalent resistively and capacitively shunted junctions (RCSJ) network model, with no interactions between supercurrents. We plot the results obtained using parameters I c , R n and β c similar to those of the junctions of our device in Figure 4 (a) and (b). The model recovers the central parallelogram shape expected for non-interacting supercurrents, as well as the superconducting arm features, validating our interpretation. The absence of pinching behavior in the arms is expected, since the model does not take into account current-induced heating.
V. CONCLUSIONS
We report the behavior of a three-terminal Josephson junction based on an InAs quantum well with epitaxial aluminum superconducting leads as a function of electrostatic gating and applied perpendicular magnetic field. We find that depleting the underlying 2DEG through gating pushes the three-terminal junction towards a state where it acts as three uncoupled junctions in a network, which is supported by RCSJ simulations. Conversely, applying a perpendicular magnetic field yields features suggestive of increased interaction between supercurrents in the three arms. The ability to interpret and distinguish features that are due to the geometric separation and interaction of supercurrents in a multi-terminal Josephson junction is expected to prove useful in future studies which aim to approach the small-area, few-mode regime required for topological effects in multi-terminal Josephson junctions.
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